INTRODUCTION
The American Academy of Pediatrics and American Heart Association Sponsored Neonatal Resuscitation Program (NRP) was initiated in 1987 in Illinois. 1 This Neonatal Resuscitation course is the combined efforts of the working group on Pediatric Resuscitation and the National Task Force on Neonatal Resuscitation of the Section on Perinatal Pediatrics of The American Academy of Pediatrics. One of the stated goals of NRP training is to assure that at least one person skilled in neonatal resuscitation be in attendance at every delivery and that the delivery room personnel have the necessary knowledge and skills to provide optimal care immediately after birth. In addition, the goal of the program is to provide the materials and training necessary for health professionals in neonatal resuscitation according to the American Heart Association and the American Academy of Pediatrics.
The Apgar score focuses on five physiologic signs (heart rate, respiratory effort, reflex irritability, muscle tone, and color) to denote the condition of an infant in the first critical minutes of life. 2, 3 A thorough understanding of resuscitation by trained personnel should positively impact on 1-and 5-minute Apgar scores.
The purpose of this study was to examine if there was an increase in the percent of newborns with a higher (7-10) 1-minute Apgar score and a higher (7-10) 5-minute Apgar score among very low birth weight (VLBW) newborns, after the introduction of NRP into Illinois hospitals. Prior research has indicated a positive impact of NRP on high-risk newborns. 4 The present study, by the same authors, focuses on VLBW newborns in four weight groups who are more likely to need resuscitation and considered more likely to benefit from interventions by trained personnel.
The Apgar score continues to be used as the best established index of immediate postnatal health. 3, 5 It also may reflect a complication of pregnancy. Low Apgar scores are associated with increased neonatal morbidity and mortality in preterm newborns, 6 increased mortality in VLBW infants, 7 increased neonatal mortality among preterm and term infants 5, 7 and need for neonatal resuscitation.
8,9

STUDY DESIGN
A retrospective two-time-period cohort design was used: births before the introduction of NRP, 1985 NRP, -1988 ; and births after the introduction of NRP, 1991-1995, in Illinois. The transition training interval, 1989-1990, was excluded from analysis. Newborn
OBJECTIVE:
The American Academy of Pediatrics and American Heart Association sponsored Neonatal Resuscitation Program ( NRP ) was started in Illinois 1987 to standardize knowledge and skills for successful resuscitation to decrease newborn morbidity and mortality. This study evaluated the hypothesis that the statewide NRP in Illinois hospitals was associated with positive outcomes in the Apgar scores among very low birth weight newborns.
STUDY DESIGN:
A retrospective design was used to compare the ( a ) different rates of lower ( 0 -6 ) and higher ( 7 -10 ) 1 -and 5 -minute Apgar scores and ( b ) positive change from a lower 1 -minute to a higher 5 -minute Apgar score before and after NRP was started. Analyses included maternal characteristics, birth weight groups ( grams: 500 -749, 750 -999, 1000 -1249, 1250 -1499 ), and hospital levels ( I, II, III ).
RESULTS:
A significantly higher proportion of infants had a higher 1 -minute and a higher 5 -minute Apgar score after NRP, overall, for Level II and II + hospitals and for each weight group. Logistic regression indicated that newborns with low 1 -minute Apgar scores were 81% more likely to have a higher 5 -minute Apgar score after NRP. 10 Level of care was based on the availability of maternity, infant and resuscitative services. More detail about the methods is discussed in Ref. [4] .
CONCLUSION:
Several exclusion criteria were applied to birth data. Hospitals were excluded if a hospital changed from one level to another level or if a hospital did not have any births in 1 year between 1985 and 1995. Births were also excluded for the following criteria: missing data, out-of-state delivery, delivery outside of the hospital, or there was no medical personnel attendant during the delivery. Multiple births and newborns with a congenital anomaly were also excluded.
The 1-and 5-minute Apgar scores and changes between the 1-and 5-minute Apgar scores were analyzed because they have been shown to predict VLBW infants' mortality and morbidity. 3,5 -9 Similar to other studies (1-and 5-minute Apgar scores were divided into lower (0-3 and 4-6) and higher (7-10) Apgar score categories. A positive change was defined as a low 1-minute Apgar score (0-6) and a higher 5-minute Apgar score (7-10). Birth weight was divided into four groups by grams: 500 to 749, 750 to 999, 1000 to 1249, and 1250 to 1499. SAS 11 personal computer software was used for descriptive and inferential statistical analyses. Chi-square tests, relative risks, and test of linear trend with a probability of 0.05 for statistical significance with two-sided 95% confidence intervals were computed. Logistic regression analysis was used to examine the independent association between NRP and a positive change from a low 1-minute Apgar score to a higher 5-minute Apgar score. 12 yPositive change from a low 1 -minute Apgar to a higher 5 -minute APGAR was significantly more frequent after the NRP, p < 0.001; and, negative change from a higher 1 -minute Apgar to a low 5 -minute Apgar was significantly less frequent after NRP, p < 0.001.
RESULTS
Between
differences between the two time periods for several characteristics. After NRP, mothers were more often: Hispanic, older, with a higher education, started prenatal care earlier, and with one or more maternal medical risk factors. The distributions of birth weights were different between the two time periods. Almost three-fourths of the neonates were born in level III hospitals. Before NRP, 24.0% (1834 of 7634) of the VLBW newborns had a higher 1-minute Apgar score. After NRP, 31.3% (2910 of 9289) had a higher 1-minute Apgar score ( p<0.001). This reflects 7.3% additional VLBW newborns with a higher 1-minute Apgar score after NRP. Similar statistically significant before and after differences were observed for 5-minute Apgar scores; 53.1% with a higher 5-minute Apgar score before NRP; and 64.9% with a higher 5-minute Apgar score after NRP ( p<0.001). The before-and-after NRP difference of 11.8% was larger for the 5-minute Apgar scores.
As in the previous study that examined change between 1-and 5-minute Apgar scores, before NRP, 39.1% of the 5800 newborns with a low 1-minute Apgar score positively increased to a higher 5-minute Apgar score. After NRP, 49.2% of the 6379 newborns with a low 1-minute Apgar score positively increased to a higher 5-minute Apgar score ( p<0.001). Table 2 shows the 1-and 5-minute Apgar scores before and after NRP, stratified by four birth weight categories and three hospital levels. VLBW newborns had significantly ( p<0.001) higher percentages of 1-and 5-minute Apgar scores after NRP introduction. The relative risks for improvement to higher 1-and 5-minute Apgar scores decreased as the birth weight increased (linear trend, p<0.01). There were significant before-and-after NRP differences in the percent of neonates with a higher 1-minute and a higher 5-minute Apgar score for level II and III units.
Birth weight ( Figure 1A ) and hospital level ( Figure 1B ) stratified analyses demonstrated positive increases to higher 5-minute Apgar scores. The 1985-1988 vs 1991-1995 differences were consistently statistically significant for each birth weight group and for each hospital level ( p<0.001).
Logistic regression analysis focused on the low 1-minute Apgar score subgroup (5404 before and 6775 after NRP: 12,179 of 16,923 neonates). Newborns with a low 1-minute Apgar score were more *Percent 0 to 7 1 -and 5 -minute Apgars were significantly higher after NRP for each birth weight group ( p < 0.001 ) and significantly higher after NRP for level II and level III hospitals ( p < 0.001 for all except p < 0.02 for 5 -minute level II ). These overall results indicate that newborns were significantly more likely to have a higher 1-minute and a higher 5-minute Apgar score after NRP; newborns were significantly more likely to positively change from a low 1-minute Apgar to a higher 5-minute Apgar score after NRP; and newborns were significantly less likely to negatively change from a higher 1-minute Apgar score to a lower 5-minute Apgar score after NRP.
The observed percent increases in higher 1-minute and higher 5-minute Apgar scores after NRP could be attributed to other factors such as changing maternal characteristics, regionalization into perinatal centers, and technological innovations during the same time period. 13 These and other factors 14 -17 and steps to reduce confounding in this study and a similar larger study with Illinois births by the same authors are discussed at length by Patel et al. 4 NRP instruction provided training and credentialling of health care personnel in the delivery room to have the necessary knowledge and skill to apply successful procedures in a prescribed and timely sequence that includes suctioning, warming, drying, positioning, stimulating and checking vital signs, as well as determining if oxygen, positive pressure ventilation, cardiac compression, and endotracheal intubation are necessary within the first 30 seconds. If resuscitative intervention is deemed necessary, NRP training enhances timely interventions. NRP training has not recommended changes in how to compute and document a 1-and 5-minute Apgar score.
Whereas a number of studies have examined improving the process of providing timely and appropriate care to the newborn 17 -19 our study has examined the clinical outcome of NRP instruction on the neonate. 4 There are a number of limitations in this study. Firstly, the study is retrospective or historical and, thus, limited by the availability of a common newborn data base on the birth certificate files between 1985 and 1995. There were changes in the birth certificate data collection form introduced in Illinois in 1989. The Apgar scores were very likely assigned by different health care personnel at the same hospital, possibly by differently trained personnel by level of hospital during the same time period. Systematic changes in the assignment of Apgar scores between 1985 and 1995 may have introduced some bias. The type of health care personnel providing immediate care may have changed over the 11-year study period, and possibly changed differentially by hospital level. We do not regard these observations to greatly alter the conclusions in this study, given the uniformity in the results for 1-and 5-minute Apgar score and positive and negative changes from 1-minute Apgar score, and particularly the stratified analyses by birth weight and hospital level.
The Apgar score is widely used to identify infants who require resuscitation and to evaluate the condition of the newborn during the first minutes of live. There is sufficient evidence to demonstrate that the 1-and 5-minute Apgar scores, as well as changes between 1-and 5-minute Apgars can be used to predict intensive resources utilization, morbidity, and mortality. 3,5 -9 This study also provides support for the use of Apgar scores in assessing the efficacy of antenatal or neonatal interventions.
In summary, Illinois VLBW neonates born with a low 1-minute Apgar were 81% more likely to have a higher 5-minute Apgar score after hospital delivery room personnel had training in resuscitation. NRP instruction resulted in a greater proportion of VLBW neonates progressing to a higher 5-minute Apgar score.
